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Hydrangeas (Hydrangea spp.) are very popular or-
namental plant cultivated as a cut flower, a garden and 
potted plant in many countries. The demand for cut 
hydrangea flowers has been increasing in recent years. 
According to data of Dutch auctions, sales of hydran-
gea flowers amounted to € 51 million and hydrangea 
ranked 10th among the cut flowers in 2016 [Royalflo-
raholland 2018]. As a cut flower, hybrids of Hydran-
gea macrophylla are frequently used [Kitamura et al. 
2017a]. Hydrangea macrophylla is a deciduous shrub 
to 3 meter that is native to eastern Asia. Inflorescences 
of H. macrophylla are classified as mophead (horten-
sia) and lacecap into two types based on the arrange-
ment of florets [Servis et al. 2016]. The colorful part 
of its flower is actually a bract and can be blue, red, 

pink, light purple or dark purple [Savona et al. 2012]. 
Its vase life ranges from 7 to 15 days [Thomas and 
Gollnow 2013]. 

As in all cut flowers, the vase life of cut hydrangeas 
is a commercially important parameter in floriculture 
industry. It can exceed 2 weeks under favorable con-
ditions but is often cut short by vascular plugging 
[Florissant 2018]. Stem of flowers that is placed in 
water often develops a negative water balance due to 
vascular plugging by microorganisms, air emboli and 
physiological responses of stems to cutting. Their rate 
of water uptake becomes lower than the transpiration 
rate and it causes water stress [Ichimura et al. 1999, 
Elhindi 2012]. Because of water stress, the flowers 
especially large ones can easily become dehydrated. 
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ABSTRACT

Vase life is one of the most important factors determining the marketability of cut flowers and influenced 
by water balance strongly. In recent years, the consumption of hydrangeas as a cut flower has gradually 
increased. However, the vase life of cut hydrangea flowers is short depends on wilting. Thus, this study was 
conducted to determine the effects of different treatments [thymol (100, 150 and 200 mgL–1), 8-hydroxyquin-
oline sulfate (8-HQS) (200 mgL–1)], and their combination with and without 1% sucrose on the vase life, 
relative fresh weight, daily (solution uptake for 3 days) and total solution uptake of hydrangeas (Hydrangea 
macrophylla ‘Green Shadow’) harvested freshly. Distilled water was used as the control. Compared to the 
control, thymol 150 mgL–1 treatment with 1% sucrose significantly increased the vase life of hydrangeas 
flowers in 5.80 days (from 10.7 to 16.5 days). It was also determined that same treatment increased the total 
solution uptake and delayed relative fresh weight loss. These results indicated that thymol treatments in com-
bination with sucrose can be used to extend the vase life of cut hydrangea.
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Losing substantial water is resulted quickly wilt, the 
browning petals and reduction of cut flower longevity 
[Ranwala 2010]. Flower preservatives are used to pre-
vent these problems in many cut flowers. Germicides, 
acidifiers or surfactants such as 8-HQS, silver thio-
sulfate (STS), silver nitrate (AgNO3) etc. have been 
found to be successful in increasing the vase life of 
cut flowers [Elgimabi and Ahmed 2009, Asrar 2012]. 
8-HQS is considered to be of particular importance as 
it has both germicide and surfactant properties [Kesa-
risinh 2015]. Essential oils also have been used to im-
prove vase life of cut flowers due to their antimicrobial 
and antioxidant activity [Bayat et al. 2013]. Thymol 
and carvacrol are the most active compounds of essen-
tial oils and they are effective in prolonging vase life 
[Bayat et al. 2013, Dhifi et al. 2016].

There are very few studies about flower preser-
vative effects on the cut hydrangea vase life. Some 
studies had been made for cut hydrangea vase life and 
they focused on stomatal conductance [Kitamura et 
al. 2017b], inflorescence type [Kitamura et al. 2017c], 
different harvest stage [Kitamura et al. 2017a], holding 
solution [Thaneswari 2014, Aros et al. 2016], different 
fertilization levels [Thaneswari 2014, Chunne 2015]. 
In this study, we investigated the effects of different 
flower preservatives that thymol, 8-hydroxyquinoline 
sulfate (8-HQS), and their combination with 1% su-
crose on the vase life of cut hydrangeas.

MATERIALS AND METHODS

The present study was carried out in the postharvest 
laboratory, Department of Horticulture, Faculty of Ag-
riculture, Ankara University in Ankara, Turkey in June 
2016. Cut hydrangea (Hydrangea macrophylla 'Green 
Shadow') flowers used in the experiment were grown 
under the gothic roof type-butterfly vent greenhouse 
which was covered with plastic and located in the De-
partment of Horticulture in the Faculty of Agriculture 
at Ankara University (39°57'40.2''N, 32°51'51.7''E). 
Hydrangea macrophylla 'Green Shadow' is a dark red 
cultivar. Its inflorescence type is mophead and it dif-
fers from the others because it shows dark green spots 
at the end of the sepals. It is known that as a contem-
porary modern cultivar [Anonymous 2018]. 

The flowers were harvested at the commercial har-
vest stage (approximately 80% of the decorative florets 

in the inflorescence had developed the cultivar-specif-
ic color) [Kitamura et. al. 2017c] placed in buckets 
containing tap water and transferred to the postharvest 
laboratory within half an hour of harvest. At the lab-
oratory, the stems were re-cut to a length of 45 cm 
and only one upper leaves were retained on each stem. 
They were then placed in glass bottles (1000 ml) con-
taining 500 ml of vase solutions which were thymol 
(100, 150 and 200 mgL–1) (Sigma, CAS:89-83-8) with 
and without %1 sucrose, 8-hydroxyquinoline sulfate 
(8-HQS) (200 mgL–1) (Aldrich, CAS:207386-91-2) 
with and without 1% sucrose, 1% sucrose and distilled 
water as control (Tab. 1). All solutions were freshly 
prepared at the beginning of the experiment. The flow-
ers were kept in a temperature-controlled chamber at 
21 ±1°C temperature, 65 ±5% relative humidity (RH) 
and 1000 lux illumination (cool-white fluorescence 
lamps) for 12 h photoperiod.

During the experimental period, decorative value 
was characterized by vase life, fresh weight and solu-
tion uptake. Vase life was terminated when wilting, 
sepal browning, or sepal desiccation became appar-
ent on approximately 80% of decorative florets in an 
inflorescence based on daily observations [Kitamura 
et al. 2017b]. Fresh weight and solution uptake were 
recorded by measuring the weights of the vases with 
and without flowers once every 3 days. Fresh weight 
change was measured as relative fresh weight (RFW) 
and it was calculated as: RFW (%) = (Wt/Wt-0) × 100, 
where Wt is the weight of stem (g) at t = day 0,1,2, 
etc. and Wt-0 is the weight of the same stem (g) at  
t = day 0 [He et al. 2006, Lü et al. 2010]. Solution 
uptake was measured and calculated as daily and total 
solution uptake. Daily solution uptake (DSU) means 
solution uptake for 3 days and was calculated as: DSU 
(g stem–1 day–1) = (St-1 – St), where St is the weight of 
vase solution (g) at t = days 1, 2, 3 etc. and St-1 is the 
weight of vase solution (g) on the previous day [He et 
al. 2006]. 

The experimental design was a Randomized Plot 
Design (RPD) with different concentrations of thymol, 
8-HQS and distilled water with and without sucrose × 
ten replications × one cut flower per treatment. Statis-
tical analysis of recorded data was accomplished us-
ing analysis of variance (ANOVA) using IBM SPSS 
Statistics 20.0. Mean differences were established by 
Duncan’s test (P < 0.05).
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RESULTS AND DISCUSSIONS

The effects of different preservative solutions on 
vase life, relative fresh weight, daily and total solution 
uptake in cut hydrangea flowers were found statistical-
ly significant. Variance analysis was shown in Table 2. 

Vase life. The results showed that the thymol  
100 mgL–1 with and without 1% sucrose, thymol 150 
and 200 mgL–1 with sucrose treatments significantly 
increased the vase life of flowers compared with the 
control. The vase life of flowers treated with 150 mgL–1 

+ 1% sucrose was found 5.80 days longer than that of 
control. Thymol 200 mgL–1 (8.2 day) had the lowest 
vase life (Fig. 1).

According to our results, all treatments containing 
sucrose except distilled water extended the vase life 
than sucrose-free treatments. It is known that sug-
ar supply increases the vase life of many cut flowers  
[Elgimabi 2011]. While sucrose may act as a source of 
nutrition for tissues, it may also act as an osmotically 
active molecule organizing water relations [Yagi and 
Elgimabi 2014]; thereby it might have been extend 
the vase life of cut hydrangea. Distilled water in com-
bination with %1 sucrose was shortened the vase life 
because the sugar may have promoted microorganism 
growth which block the xylem. It was reported that su-
crose should be used along with an antimicrobial agent 
[Elhindi 2012]. 

Thymol and 8-HQS used in this study are antimi-
crobial agents [Yagi and Elgimabi 2014, Memar et al. 

2017]. Many studies on vase life of cut flowers have 
shown that thymol and 8-HQS are effective in ex-
tending the vase life of some cut flowers [Asrar 2011, 
Babarabie et al. 2015]. According to our results, thy-
mol 100 mgL–1 extended the vase life of cut hydran-
geas. These results may be due to the role of thymol as 
antimicrobial agent and hence, it might have reduced 
stem plugging. But reduction in the vase life of flowers 
was detected at the increasing doses of thymol without 
sucrose. Similar results were obtained by Pourianejad 
et al. [2014]. Essential oils such as thymol had a phy-
totoxic effect because of herbicidal activity in various 
plant systems and caused electrolyte leakage resulting 
in cell death [Kordali et al. 2008]. In this study high 
concentrations of the thymol treatments may be toxic 
and cause cell damage, thereby resulting in a shorter 
vase life than the control. Similar to thymol, 8-HQS 
also reduced the vase life. Its concentration may be 
high or 8-HQS may be toxic to flowers of hydran-
gea. It was reported that 8-HQS is toxic for some rose 
[Ichimura et al. 2006] and waxflowers [Dung et al. 
2016] cultivars, causing a short vase life.

Solution uptake. The daily solution uptake in-
creased during the first 3 days of the vase life in all 
treatments after that, gradually decreased until end of 
the vase life. The daily solution uptake in 150 mgL–1 

thymol in combination with sucrose 1% was much 
higher than the other treatments from the 6th day until 
the 21th day whereas 200 mgL–1 thymol was the lowest 
treatment (Tab. 3). 

 Table 1. Treatments used in this experiment 

Treatments 

C Control 
C+S Control + 1% sucrose 

8-HQS 8-hydroxyquinoline sulfate 
8-HQS+S 8-hydroxyquinoline sulfate + 1% sucrose 

T100 Thymol (100 mgL–1) 
T100+S Thymol (100 mgL–1) + 1% sucrose 

T150 Thymol (150 mgL–1) 
T150+S Thymol (150 mgL–1) + 1% sucrose 

T200 Thymol (200 mgL–1) 
T200+S Thymol (200 mgL–1) + 1% sucrose 

C – control-distilled water, S – sucrose, T – thymol 
 



Table 2. Variance analysis of vase life, RFW, DSU and TSU in cut hydrangea flowers 

 Source of variation df Mean square F p 

Vase life 
Treatments 9 87.733 15.811 0.000* 
Error 90 5.549   
Total 100    

TSU 
Treatments 9 12695.225 7.805 0.000* 
Error 90 1626.544   
Total 100    

DSU (3rd day) 
DSU (6th day) 
DSU (9th day) 
DSU (12th day) 
DSU (15th day) 
DSU (18th day) 
DSU (21th day) 

Treatments 9 

120.146 1.782 0.082 
217.262 3.123 0.003* 

484.606 8.275 0.000* 

445.131 9.565 0.000* 

309.796 10.095 0.000* 

157.023 7.532 0.000* 

RFW (3rd day) 
RFW (6th day) 
RFW (9th day) 
RFW (12th day) 
RFW (15th day) 
RFW (18th day) 
RFW (21th day) 

Treatments 
 9 

152.633 1.065 0.396 
334.629 1.640 0.116 

1703.365 5.931 0.000* 

3283.506 9.159 0.000* 

3592.936 10.739 0.000* 

2669.348 10.449 0.000* 

TSU – total solution uptake, DSU – daily solution uptake, RFW – relative fresh weight 
*p < 0.05 
 
 
 
 

 
C – distilled water, S – sucrose, 8-HQS – 8-hydroxyquinoline sulfate, T100 – 100 mgL–1 thymol,  
T150 – 150 mgL–1 thymol, T200 – 200 mgL–1 thymol 

Fig. 1. Effects of the treatments on the vase life of cut hydrangea flowers 

 
 



 
 
Table 3. Effects of the treatments on the daily solution uptake of cut hydrangea flowers 

Means followed by the same letter in the column did not differ significantly from each other, Duncan, p < 0.05 
 
 

 

 

 
C – distilled water, S – sucrose, 8-HQS – 8-hydroxyquinoline sulfate, T100 – 100 mgL–1 thymol,  
T150 – 150 mgL–1 thymol, T200 – 200 mgL–1 thymol 

Fig. 2. Effects of treatments on the total solution uptake of cut hydrangea flowers 

Treatments 
DSU 

3th day 6th day 9th day 12th day 15th day 18th day 21th day Avg. 

C 39.80 ns 35.14 a 26.88 ab 21.18 bc 16.24 cde 13.53 bc 5.99 bc 22.68 B 

C+S 32.57 ns 29.51 ab 19.83 bc 10.99 de 9.33 f 7.68 d 4.24 c 16.31 C 

8-HQS 36.29 ns 25.57 b 18.31 cd 14.09 de 12.55 ef 9.26 cd 5.27 bc 17.33 C 

8-HQS+S 40.89 ns 36.89 a 31.54 a 24.39 ab 18.52 bcd 13.31 bc 8.05 b 24.80 AB 

T100 33.73 ns 30.15 ab 28.26 a 24.96 ab 22.21 ab 14.43 ab 7.53 b 23.04 B 

T100+S 38.84 ns 34.97 a 31.43 a 24.84 ab 18.42 bcd 9.04 cd 4.03 c 23.08 B 

T150 32.85 ns 29.90 ab 24.57 bcd 17.08 cd 13.24 def 6.37 d 3.44 c 18.21 C 

T150+S 36.93 ns 35.08 a 31.99 a 28.54 a 25.64 a 17.99 a 11.36 a 26.79 A 

T200 30.30 ns 23.03 b 11.85 d 9.65 e 8.74 f 5.70 d 3.36 c 13.23 D 

T200+S 37.19 ns 35.14 a 31.98 a 25.25 ab 20.61 abc 12.22 bc 6.06 bc 24.07 B 

Avg. 35.93 A 31.54 B 25.66 C 20.10 D 16.55 E 10.95 F 5.93 G   
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The maximum total solution uptake among the 
treatments during vase life was obtained at thymol 
150 mgL–1 in combination with 1% sucrose (187.52 g 
stem–1), whereas the minimum total solution uptake 
was obtained at thymol 200 mgL–1 (92.6220 g stem–1) 
(Fig. 2). 

In this study, except 100 mgL–1 thymol, all concen-
trations of thymol and 8-HQS treatments with sucrose 
had been more effective than sucrose free treatment on 
solution uptake. It is known that sucrose increases os-
motic concentration and improving their ability to wa-
ter uptake [Halevy et al. 1978]. Hence, addition of su-
crose to the vase solution might have led to increased 
uptake of the vase solution. It was reported in previ-
ous researches that in combination with sucrose and 
8-HQS [Asrar 2012, Elhindi 2012] or thymol [Solgi et 
al. 2009, Tuna 2012] improved solution uptake more 
than application of 8-HQS or thymol alone. 

Thymol and 8-HQS are very effective antimicro-
bial agents and they prevented growth of the microor-
ganisms in xylem vessels of the cut flower stems, and 
hence, they maintain solution uptake [Salehi Sardoei 
et al. 2014, Elgimabi and Yagi 2016]. According to our 
results, thymol 100 mgL–1 increased solution uptake. 

This is thought to be due to the antimicrobial activity 
of thymol. On the other hand, higher concentrations 
of thymol decreased solution uptake. The negative 
effects of high concentrations of thymol on solution 
uptake were reported in previous studies [Bazaz and 
Tehranifar 2011, Salehi Sardoei et al. 2014]. It was 
also reported that the concentration of essential oils 
such as thymol is very critical and need further expla-
nation [Mirdehghan and Aghamolayi 2016]. Similar to 
thymol, 8-HQS reduced the solution uptake. In light of 
previous studies, the negative effects on solution up-
take of 8-HQS alone are not associated with vascular 
blockage by microorganisms' growth. Because it had 
positive effects on solution uptake of its in combination 
with sucrose. In short, higher concentrations of thymol 
and 8-HQS seem to be toxic to some cut hydrangea 
flowers. The positive effects of 8-HQS and thymol on 
the solution uptake of many cut flowers were reported 
in several researches [Banaee et al. 2013, Hashemi et 
al. 2013], but it is known that species even cultivars 
has a significant effect on solution uptake of cut flow-
ers [Gebremedhin et al. 2013].

Relative fresh weight. The relative fresh weights of 
the flowers in all solutions including control increased 

C – distilled water, S – sucrose, 8-HQS – 8-hydroxyquinoline sulfate, T100 – 100 mgL–1 thymol, T150 – 150 mgL–1 
thymol, T200 – 200 mgL–1 thymol

Fig. 3. Effect of treatments on relative fresh weight of cut hydrangea flowers
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on the first 3 days of the vase life after that, fresh weight 
of flowers treated 8-HQS, 100 mgL–1 thymol + 1% su-
crose and 200 mgL–1 thymol decreased end of the vase 
life. The fresh weight of the other treatments decreased 
from 6th day. Maximum of fresh weight was observed 
in flowers kept in the solutions which contained 150 
mgL–1 thymol in combination with 1% sucrose whereas 
the most decrease in relative fresh weight observed in 
200 mgL–1 thymol at the end of vase life (Fig. 3). 

According to our results about relative fresh weight, 
8-HQS with 1% sucrose and 150 mgL–1 thymol with 
1% sucrose treatments delayed the fresh weight loss 
compared to other treatments. Thymol 200 mgL–1 and 
8-HQS treatments hadn’t been effective preventing 
fresh weight loss. These results of fresh weight are 
similar to solution uptake grades which was effected 
positively by 8-HQS with 1% sucrose and 150 mgL–1 
thymol with 1% sucrose whereas it were affected neg-
atively by 200 mgL–1 thymol and 8-HQS treatments. 
Increment of solution uptake and reduction of transpi-
ration rate prevent water loss of cut flowers and hence, 
fresh weight might have effected positively. It was re-
ported in previous studies that there is a relationship 
between solution uptake and fresh weight [Alaey et al. 
2011, Amin 2017].

All treatments in combination with sucrose except 
distilled water and thymol 100 mgL–1 were more ef-
fective than sucrose free treatment on relative fresh 
weight. Previous studies showed that effect of an-
timicrobial agents in combination with sucrose on 
fresh weight of cut flowers was much greater than 
that of alone [Ichimura et al. 1999, Ichimura and Shi-
mizu-Yumoto 2007]. Sucrose plays a role as a source 
of energy; it affects petal growth positively [Norikoshi 
et al. 2016]. Better petal growth may have occurred 
in including sucrose and it may have increased fresh 
weight. At the same time, sucrose may have a positive 
effect on keeping higher fresh weights by inducing 
stomatal closure in the leaves which reduced water 
loss [Marousky 1972]. For these reasons, sucrose may 
have caused delaying fresh weight loss in cut hydran-
gea. Thymol 100 mgL–1 treatment with %1 sucrose 
hadn’t been more effective than thymol 100 mgL–1. 
This contradictory result may be based on more spe-
cifically reduction of the solution uptake from 15th day 
to at the end of the vase life in 100 mgL–1 thymol with 
1% sucrose according to 100 mgL–1 thymol.

CONCLUSIONS

The effects of different preservative solutions on 
the vase life of cut hydrangea flowers were investigat-
ed in the study. Application of thymol in combination 
with sucrose extended the vase life of cut hydrangea. 
Lower concentration of thymol without sucrose was 
also effective on extension of cut hydrangea vase life. 
The most important suggestions for the professional 
growers and contributors are as follows: the appli-
cation of sucrose very useful to extend the vase life 
of cut hydrangea flowers and the treatment with thy-
mol solution is recommended in order to control the 
growth of microorganisms. On the other hand, more 
studies are needed about the vase life of cut hydran-
geas and determining the actual concentration of thy-
mol and sucrose.
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